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INTRODUCTION 
The area covered in the thesis is about 124 square 
O I 0 ! 
•^miles in extent and lies between 23, 20 and 23 20 morth~latitude 
and 77° 20' and 77° 30 east-longitude ^in the Ehopal district of 
Madhya Pradesh* The eleven and a half miles long, and ten 
and three-quarter miles broad area is covered by Upper 
Bhandar Sandstones of Upper Vindhyan age, Deccan Traps and 
recent alluviam* Less than half of the total investigated 
area is covered by Upper Bhander Sandstones and the rest of 
it is occupied by Deccan Lavas and alluviam deposits* At 
many places Deccan Traps overlie Upper Bhander Sandstones 
unconformably, there are also many inliers and outlier 
formed by these two rock types* 
The main city of Bhopal is well connected by roads 
and railways* Tne Central Railway line near Sanchi passes 
over the contact between Deccan Traps and Upper Vindhyans* 
Deccan Traps are characterised by scanty vegetation and by 
the presence of black 'cotton soil Elsewhere the ground 
is broken and irrigular* There are teak spaling on trappean 
hills whereas these are common on sandstone* 
The area was surveyed and mapped keeping in view the 
role and occurance of primary structures present in the Upper 
Bhander Sandstones. To know about the provenance, direction 
of current, distance travelled, the study of primary structures 
(which indicate the direction of current movement) and the 
study of roundness and petrography (which are indicative of 
distance travelled) is necessary* The study of paleocurrent 
in the thesis is based on above mentioned studies* 
Paleogeographic reconstructions are based on the mapping 
of these paleocurrent indicators such as cross bedding, 
ripple marks and primary current lineations. By plotting 
the current direction at various places the aereal extent 
of the basin of deposition, paleoslopes deeper part of 
the basin can be plotted* 
No detailed work so far has been done, as far as 
the sedimentological study of Upper Bhander Sandstone is 
concerned, in the Bhopal area. The area is virgin in this 
sense. Saxena (1963) has only given an idea about the 
siliceous concretions from the area of Bhopal* Chatterjee 
(1964) has done the mechanical analysis of Upper Bhander 
Sandstone of. the same region* This analysis can be proved 
invalid, because when different methods are applied to 
break the sandstones they break in different planes being 
' brittle* And the quartz crystals lose their original 
roundness* The mechanical analysis, in the thesis, is done 
by making thin sections of the oriented specimens and 
after converting thin section analysis into the siever 
analysis* 
The Bhopal area forms the southern limit of the 
Vindhyan Basin so this area needs a special attention 
regarding the study of primary structures which are 
indicative of direction of transport, extent and deeper 
part of the basin at the time of the deposition configuration 
of basin is totally based on the study of the different 
structures noted in the area' Modem techniques of 
sedimentology have been used to know about the basin, 
coast line, petrology and current pattern* Petrography 
of different specimens has been studied in order to know 
about the nature and composition of the minerals and rock 
types of the provenance * 
To get the systematic information of the area, for 
the thesis, field work and field mapping was done in Bhopal 
area* Geologic surveying was done to locate the points and 
to get geological information about the rock types- There 
were many railway cuttings and road cuttings which were 
significant factors. A general idea was taken by an out 
crop walking method* The contacts are quMe sharp in the 
area except where there are alluviam deposits which cover 
the rocks giving no idea about their whereabouts* The 
co'lour of the rock type is also helpful in locating the 
contacts. Shape, slope and vegetation on topography is 
helpful in mapping the area. A great care was taken in 
measuring the strike of the beds because the strata are 
very low dipping. Several traverses were taken for the 
area, to be investigated* The junctions and points were 
located in the area by the help of the clinometer by 
taking back bearing and forward bearing. 
Every possible care wo,s taken to determine the 
accurate dip azimuth of the cross-bedding and azimuth of 
asymmetrical ripple marks because the paleocurrent 
reconstructions are mainly dependent on these structures* 
Much stress was also given in measur^ing the direction 
of lineation* 
There were three localities where the 
pebble layers were noted* About 50 pebbles from each 
locality were taken to study the composition and 
roundness' 
The rocks were examined in the areas of main 
interest, which mainly contained the primary structures, 
were located and at last plotting of field data on 
the map was done* 
The size frequency distribution was done on the 
basis of ten thin section analysis. The thin section 
analysis method was used with the help of eye piece 
micrometer. Mechanical analysis was not possible as 
Upper Bhander Sandstones are very hard and compact, 
probably due to indurating e f f e c t of Deccan -Lavas 
and cementation by silica* 
Silica over growths which show optical continuity 
with the detrital quartz grain were avoided* During the 
counting procedure the grains of indefinite outlines were 
also rejected* Iron oxide helped much in locating the 
boundary of detrital quartz grains which acted as a 
cementing material developed a thin film as a boundary. 
Quartz grains were grouped into scale ranging from 
0.5 to 4 0. [ 
K 
For every thin section cumulative percentage 
and frequency percentages were calculated. By the 
help of the Friedman (1958) graph the data were fixed 
on the Friedman graph and in this way frequency 
curves were constructed from every thin section* 
Several orientated specimens were brought 
from different localiti es in the given area of Bhopal. 
There was much d i f f i c u l t y in breaking the Upper Bhander 
Sandstones of the area because of their compactness. 
The oriented sections were made to study the orientation 
(long ar^as) of the quartz grains. Closely spaced 
paralleled lines were drawn on the oriented section 
slide. Thie lines drawn were parallel to the direction 
indicating north-south on the slide. After fixing the 
oriented slide on the petrological microscope stage 
lines were put parallel to the north-south direction. 
Camera lucida was fixed on a horizontal drawing board. 
A line was drawn, parallel to the north south direction, 
on the graph upon which the grains vjere to be drawn. 
This line, the cross wire of the petrological microscope 
and lines parallel to the north south direction on the 
oriented slide were put parallel to each other* 
Two hundred, grains having elongated axes were 
selected and after perfect adjustment of filters these 
grains were drawn on the graph from each slide by the 
help of the camera lucida* Measurement of oriented 
grains was done and then measured orientation was 
plotted on the map* 
P r e v i o u s Work and 
Geology o f t h e Area 
M a l l e t (1861) marked t h e p r e s e n c e o f Vindhyan 
S e r i e s i n t h e n o r t h - w e s t e r n and C e n t r a l P r o v i a c e s o f 
I n d i a . V r e d e n b e r g ( 1 8 9 7 - 9 8 ) mapped t h e e a s t e r n a r e a s 
o f B h o p a l . L a t e r M i d d l e m i s s , J o n e s , P . C o t t e r , Walker 
and S e t h u ftama Hao ( 1 9 0 4 - 0 5 - 0 6 ) comple t ed mapping o f 
Bhopa l and a d j o i n i n g a r e a s . 
O b a i d u l l a h (1982) pu tx l i s he d h i s r e p o r t s abou t 
t h e Geology of ftaopal E s t a t e . P r y o r Thomas p u b l i s h e d 
a b o u t g o l d o c c u r r e n c e s o f Bhopa l E s t a t e . Rao (1932) 
made a p r e l i m i n a r y s u r v e y o f B h o p a l , Dawdson (1934) 
d e s c r i b e d Ceremic I n d u s t r i e s i n B h o p a l , VermgL^Aftab 
(1943) d e s c r i b e d t h e mica d e p o s i t s abou t i n d u s t r i a l 
p u r p o s e s i n B h o p a l . 
Saxena (1963-65 ) h a s d e a l t S i l i c e o u s C o n c r e t i o n s 
of Bhopa l a r e a . C h a t t e r j e e (1964) p u b l i s h e d h i s r e s u l t s 
a b o u t t h e m e c h a n i c a l a n a l y s i s o f O r t h o q u a r t z i t e s o f 
B h o u a l . 
Most of t h e a r e a a r o u n d Bhopa l c i t y i s s u r r o u n d e d 
by Upper Bhander S a n d s t o n e o f Upper Vindhyan a g e and 
Deccan T r a p s . N e a r l y one f o u r t h o f t h e g i v e n a r e a i s 
c o v e r e d by a l l u v i a m . where no f o r m a t i o n s , a r e s e e n escposed 
a n d t h e s o i l i s b l a c k i s h w i t h i r r i g u l a r and b r o k e n g r o u n d . 
The Upper Bhander S a n d s t o n e s a r e v e r y low d i p p i n g . The 
g e n e r a l s t r i k e i s a p p r o x i m a t e l y NW-SE a n d t h e d i p i s 
a p p r o x i m a t e l y n o r t h - e a s t e r l y v a r y i n g f r o m 1 t o 4 . 
The Upper Bhander S a n d s t o n e s a r e p a l e p i n k t o 
deep r e d i n c o l o u r . These s a n d s t o n e s a r e f i n e g r a i n e d 
and com-pact. E x c e l l e n t r o u n d i n g and s o r t i n g , h i g h d e g r e e 
of t x t u r a l and m i n e r a l o g i c a l m a t u r i t y and c o m p a c t n e s s i s 
r e p r e s e n t ed by h i g h q u a r t z c o n t e n t so t h e r o c k can be 
c a l l e d a s o r t h o q u a r t z i t e o r q u a r t z a r e n i t e . 
At t h e c o n t a c t w i t h Deccan T r a p s t h e s e s a n d s t o n e s 
a r e deep r e d and g r e y i s h i n c o l o u r w i t h b l a c l a i s h s p o t s 
a n d s m a l l e r n o d u l a r s t r u c t u r es . which might h a v e b e e n 
p r o d u c e d due t o t h e i n d u r a t i n g e f f e c t s of Deccan l a v a s 
p n t h e i r o n o x i d e cement . The s a n d s t o n e s a r e homogeneous 
i n t e x t u r e and a p p e a r a n c e . The s a n d s t o n e s have v e r y 
low p o r o s i t y and a r e . so much compact t h a t m e c h a n i c a l 
a n a l y s i s i s n o t p o s s i b l e a s t h e y can n o t be d i s a g g r e g a t e d 
e a s i l y w i t h o u t c r u s h i n g o f q u a r t z g r a i n s . 
At t h e l o w e r h o r i z o n s a p e b b l e l a y e r i s s e e n t o 
o c c u r i n t h e Bhander S a n d s t o n e , n e a r Bhadbhada w a t e r pumping 
s t a t i o n . The s a n d s t o n e s a r e f l a t l y i n g and t h e y m o s t l y 
c o n t a i n p e b b l e s of q u a r t z i t e s , q u a r t z and j a s p e r ? T h i s 
c o m g l o m e r a t i c bed i s o n l y a b o u t 12 cm t h i c k . The p e b b l e s 
a r e t i g h t l y cemented w i t h i n t h e s a n d s t o n e m a t r i x . On t h e 
g round t h e s e p e b b l e s p r o d u c e an i r r e g u l a r s u r f a c e . The 
p e b b l e s a r e m o s t l y r o u n d e d and do n o t show a n y p r e f e r r e d 
o r i e n t a l i on a t t h a t p l a c e . The r o u n d e d n e s s might h a v e been 
shaped by t h e f l o w i n g c u r r e n t of w a t e r o r by t h e r o l l i n g 
down i n due c o u r s e of t r a n s p o r t a t i o n . These p e b b l e s seem 
t o h a v e been t r a n s p o r t e d f r o m l o n g d i s t a n c e s . The c o n g l o m e r a t i c 
s a n d s t o n e s do n o t c o n t i n u e down d i p f o r any e x t e n t . R i p p l e 
marks a r e common and most of t hem a r e t h e i n t e r f e r e n c e r i p p l e 
marks . T h e r e might have been two s u p e r i m p o s e d r i p p l e p a t t e r n s 
wh ich gave r i s e t o t h e s e i n t e r f e r e n c e r i p p l e marks . The 
c r o s s - b e d d i n g i s a l s o n o t uncommon a t Bhadbhada pumping 
-
s t a t i o n . The s a n d s t o n e s a r e h i g h l y j o i n t e d and most o f 
t h e j o i n t s a r e v e r t i c a l , b e d d i n g j o i n t s a r e n o t common. 
Trend of t h e j o i n t s , i n most of t h e a r e a s e x c e p t n e a r t h e 
f a u l t , i s N 45 W - S 4 5 E, These j o i n t s a r e n o t c l o s e l y 
s p a c e d , somet imes d i p a t s t e e p a n g l e s u p t o 7 0 , 
The re i s a s h a l e band above t h e c o n g l o m e r a t i c 
s a n d s t o n e n e a r Bhadbada pumping s t a t i o n . T h i s s h a l e o c c u r s 
i n t h e fo rm o f ^ s e n s e s and b a n d s and h a s a f a u l t e d c o n t a c t 
w i t h Deccan T r a p s , The 0 , 8 m e t e r t h i c k s h a l e band c r o p s 
ou t a l o n g t h e l e f t bank of t h e s t r e a m . S h a l e s a r e h i g h l y 
w e a t h e r e d and a r e d a r k r e d d i s h i n c o l o u r r e s e m b l i n g t h a t of 
r e d d i s h Ganurga rh s h a l e s . R e d d i s h c o l o u r migh t be due t o 
p r e s e n c e of t h e f e r r i c o x i d e wh ich i s f i n e l y d i v i d e d . The 
s a n d s t o n e s a r e bedded and a r e i n t e r b e d d e d w i t h b a n d s and 
\ 
l e n s e s of a r e n a c e o u s s h a l e . Beds s t r i k e a t N 10 E - S'MO W 
and d i p a t 6 t o 8 e a s t - w a r d s . The f a u l t h a s been d e s c r i b e d 
i n t h e C h a p t e r I I ( s e c o n d a r y s t r u c t u r e ) . 
Near t h e c o n t a c t w i t h Bhander S a n d s t o n e t h e c h i l l i n g 
e f f e c t of l a v a s can be s e e n . The s a n d s t o n e s a r e d a r k r e d d i s h 
t o g r e y i s h i n c o l o u r . The Deccan l a v a s have been p e n e t r a t e d 
a l o n g b e d d i n g p l a n e s . T h e r e a r e s m a l l n o d u l a r c o n c e n t r a t i o n s 
i n s ands tone , w h i c h a r e s e e n t o be composed of i r o n i m p u r i t i e s 
which have a c c u m u l a t e d due t o e f f e c t of h e a t and p r e s s u r e « 
c a u s e d by Deccan l a v a s , 
A h i g h l y v a r i a b l e c h a r a c t e r i s shown by t h e Upper 
Bhander S a n d s t o n e s n e a r t h e f a u l t e d a r e a and on e i t h e r s i d e s 
of t h e w a t e r p o o l , t h e s a n d s t o n e s v a r y f r o m c o a r s e p e b b l e 
c o n t a i n i n g s a n d s t o n e t o c o a r s e g r i t t y q u a r t z i t i c o n e s , 
t h r o u g h c u r r e n t bedded one t o m a s s i v e even g r a i n e d s a n d s t o n e s . 
T h e r e a r e a l s o c o n g l o m e r a t e s i n g r i t t y q u a r t z i t i c s a n d s t o n e s . 
The s a n d s t o n e s a r e bedded^ b e d s r a n g i n g i n t h i c k n e s s f r o m 
0 . 3 m t o 1 . 5 m. These a r e i n t e r b e d d e d w i t h t h e h i g h l y 
w e a t h e r e d a r e n a c e o u s s h a l e band wh ich o c c u r s i n t h e f o r m of 
bands and l e n s e s . A s o r t of g r a d e d b e d d i n g i s s e e n i n t h e 
q u a r t z i t e t h e g r i t t y s a n d s t o n e s a r e c o a r s e i n n a t u r e and 
f o r m a s e p a r a t e l a y e r of g r i t above t h e m a s s i v e b l o c k s of 
t h e q u a r t z i t e s , wh ich l a t e r on p a s s e s i n t o t h e f i n e g r a i n e d 
compact s a n d s t o n e s a b o v e t h e s e g r i t t y bed . The f a u l t h a s 
been d e s c r i b e d i n t h e C h a p t e r I I ( S e c o n d a r y S t r u c t u r e ) . The 
f a u l t i n g h a s c a u s e d j o i n t i n g and f r a c t u r i n g of t h e r o c k and 
t h e q u a r t z i t e s a r e b r o k e n i n such a way t h a t t h e y r e p r e s e n t 
a n i d e a of f o l d i n g ^ o n g l e f t bank of t h e w a t e r pump. T h e r e 
i s a g r e a t e r c o n c e n t r a t i o n of J o i n t s n e a r t h e f a u l t e d c o n t a c t . 
The f a u l t t r e n d s WNW - ENE d i p p i n g 85° s o u t h w a r d s . The Deccan 
T r a p s a l s o r e p r e s e n t a s o r t of f o l d i n g i n t h e m s e l v e s whea?e 
t h e b o d i e s o f l a v a s a r e s u r r o u n d e d by a p e n t a g o n a l c o l u m e r 
j o i n t s . 
S l i g h t l y above t h e m a s s i v e f i n e g r a i n e d campact 
s a n d s t o n e s t h e v a r i a t i o n i n c o l o u r i s n o t e w o r t h y . The c o l o u r 
changes t o p i n k i s h g r e y and s a n d s t o n e s seem t o be more compact 
h e r e w i t h a g r e a t e r q u a n t i t y of q u a r t z . The b e d s d i p a t a b o u t 
5 i n t h e N 60** E d i r e c t i o n . T h e r e a r e n o p e b b l e s o r g r i t s i n 
t h e s a n d s t o n e s . The c o l o u r v a r i a t i o n migh t h a v e b e e n due t o 
t h e c e m e n t i n g m a t e r i a l o r due t o t h e l e a c h i n g of t h e s o l u t i o n s . 
T h i s g r e y c o l o u r e d s a n d s t o n e a l s o i n d i c a t e s t h e p r e s e n c e of 
b l a c k p a r t i c l e s , e s p e c i a l l y of m a g n e t i t e . The h i g h amount 
of q u a r t z g r a i n s i n d i c a t e t h a t t h e sand p a r t i c l e s wh ich a r e 
l a t e r on, by c o m p o s i t i o n , fo rmed s a n d s t o n e s . T h e s e q u a r t z 
p a r t i c l e s a r e t h e p r o d u c t s of w e a t h e r i n g i n a p e n e p l a i n e d a r e a 
i n a warm m o i s t c l i m a t e where t h e l e s s r e s i s t a n t m i n e r a l s 
p a s s e d away i n s o l u t i o n . 
The p r e s e n c e of pebb ly sands tones^- s h a l e band 
m a s s i v e b l a c k s of q u a r t z i t e and c o a r s e g r i t t y s a n d s t o n e 
r e p r e s e n t s t h e f l u c t u a t i o n i n t h e i n t e n s i t y o f t h e c u r r e n t 
which was r e s p o n s i b l e f o r t h e deposi-t- ion of t h e s a n d s t o n e s . 
T h e r e migh t h a v e been f l u c t u a t i o n i n t h e b a s i n wh ich i s 
m a i n l y p r o v e d by t h e p r e s e n c e of s h a l e band a l o n g w i t h t h e 
q u a r t z i t e s . The s h a l l o w w a t e r c o n d i t i o n s a r e p r o v e d by t h e 
p r e s e n c e o f r i p p l e marks and c r o s s b e d d i n g . 
Most r e m a r k a b l e f e a t u r e i s t h e p e b b l e bed which 
i s n o t e d on t h e l e f t s i d e of t h e Bhadbada b r i d g e ^ The same 
t y p e of p e b b l e bed f o r m s t h e maximam t h i c k n e s s n e a r t h e N o r t h 
TT Nagar where i t s t a n d s a b o u t 150* t h i c k a b o v e t h e p e b b l y 
s a n d s t o n e s . T h i s bed i s a l s o n o t e d above t h e s o u t h e r n most 
h i l l , n e a r B h a d b a d a . v i l l a g e . The g r a v e l s and p e b b l e s a r e 
c l o s e l y and t i g h t l y cemented . The p e b b l e s a r e m o s t l y of 
q u a r t z i t e s , q u a r t z and j a s p e r . I t i s v e r y d i f f i c u l t t o 
s e p a r a t e them f r o m t h e o r i g i n a l cement m a t r i x . Cement ing 
m a t e r i a l i s s i l i c a and q u a r t z i t e i t s e l f . T h e s e g r a v e l 
d e p o s i t s c o n t a i n l e n t i c u l a r b e d s of s a n d s t o n e s which t h i n 
ou t and ta^minate a t t h e b o t h ends l a t e r a l l y . These l a t e r a l 
beds of s a n d s t o n e s embeded i n t o t h e g r a v e l b e d s v a r y i n 
t h i c k n e s s and e x t e n t . The p e b b l e bed shows a good Example 
of s o r t i n g . T h e r e a r e p e b b l e of l a r g e r s i z e a c c u m u l a t e d 
a t t h e b o t t o m of t h e bed where a s t h e p e b b l e s of v e r y m i n u t e 
s i z e a r e n o t e d a t ' t h e vtop. T h i s s o r t i n g shows t h a t t h e 
c u r r e n t was q u i t e s t r o n g i n t h e b e g i n n i n g and t h e p e b b l e s 
of b i g g e r s i z e s were d e p o s i t e d l a t e r on t h e i n t e n s i t y of 
c u r r e n t d i e d out d e p o s i t i n g t h e p e b b l e s of f i n e r s i z e s . 
The weak t r a n s p o r t i n g c u r r e n t moves o n l y p a r t i c l e s wh ich 
a r e l i g h t e r i n w e i g h t w h i c h s p r e a d ou t a s a f i n e g r a i n e d 
l a y e r o v e r f o r m e r d e p o s i t s . The p e b b l e s a r e m o s t l y o r i e n t e d 
showing an e a s t e r l y d i r e c t i o n of t h e c u r r e n t movements w h i c h 
i s same a s c o n f i r m e d by t h e c r o s s bedd ing and r i p p l e marks 
p r e s e n t t h e r e . Minor l i n e a r s t r u c t u r e s of d i f - ^ e r e n t shape 
and s i z e a r e foianeid due t o t h e w a t e r a c t i o n . 
The p e b b l e s a r e m o s t l y rounded c o n f i r m i n g t h e f a c t 
t h e s e p e b b l e s have been t r a n s p o r t e d f r o m a l o n g e r d i s t a n c e s 
or t h e i n t e n s i t y of t h e w a t e r c u r r e n t was q u i t e h i g h and due 
t o r o l l i n g down of t h e p e b b l e s t h e s e became r o u n d e d . The 
m a t r i x and t h e p e b b l e s t h e m s e l v e s h a v e been b r o u g h t a b o u t 
f rom t h e same p r o v e n a n c e a s t h e r e i s no d i f f e r e n c e i n t h e 
m i n e r a l o g i c a l p a r a m e t e r s b e c a u s e b o t h h a v e o r t h o q u a r t z i t e r s , 
q u a r t z i t e s and J a s p e r s p r e s e n t i n t h e m s e l v e s . 
N e a r B i r l a Mandlr Upper Bhander S a n d s t o n e s a r e 
marked by t h e p r e s e n c e of t h e normal t y p e of c r o s s bedd ing . 
Here a l s o t h e c o a r s e g r i t t y and q u a r t z l t l c s a n d s t o n e s p a s s 
on t o c u r r e n t bedded t o m a s s i v e even g r a i n e d s a n d s t o n e s . 
The n o r m a l t y p e of c r o s s b e d d i n g i s on ly r e p r e s e n t e d by t h e 
d a r k c o l o u r l i n i n g s where t h e d i p a z i m u t h and s c a l e e t c . 
c a n n o t be measu red . Here t h e g r i t t y p o r t i o n s a r e a b i t 
c o a r s e r and a r e w e l l r o u n d e d , 
. Rythmic c o l o u r b a n d i n g i s a r e m a r k a b l e f e a t u r e 
i n t h e Upper Bhander S a n d s t o n e s of Bhopa l . T h i s b a n d i n g 
i s p r o m i n e n t a t few p l a c e s a t Takra h i l l s , Idgah h i l l s 
w h e r e a s a t few p l a c e s , i s t o t a l l y a b s e n t . The b a n d i n g 
i s s t r a i g h t and somet imes p a r a l l e l t o t h e b e d d i n g somet imes 
t h e b a n d i n g h a s n o p r e f e r r e d d i r e c t i o n . T h e r e a r e p a r a l l e l 
s t a i n s of w h i t i s h o r d i r t y g r a y c o l o u r w h i c h t r e n d down o r 
a r e p a r a l l e l t o t h e s u r f a c e . The s l i g h t l i g h t c o l o u r e d 
b a n d i n g migh t h a v e been p r o d u c e d due t o t h e r emova l of i r o n 
o x i d e by l e a c h i n g . 
C o n c r e t i o n a r y S t r u c t u r e s i n t h e Upper Bharlde^ 
S a n d s t o n e s a r e t h e n o t a b l e f e a t u r e a r o u n d t h e Bhopa l c i t y . 
The a r e a s where t h e c o n c r e t i o n a r y c l u s t e r l i k e s t r u c t u r e s 
a r e c o n c e n t r a t e d i n c l u d e Idgah H i l l , M e d i c a l C o l l e g e and 
Tekra H i l l . They a r e a b s e n t o r r a r e a t o t h e r p l a c e s . These 
c o n c r e t i o n s a r e e l o n g a t e d rod l i k e s t r u c t u r e s embeded i n 
t h e s a n d s t o n e s . The u p p e r m i d d l e p o r t i o n of t h e c o n c r e t i o n 
i s b l a c k i s h w i t h i r o n i m p u r i t y . The i m p u r i t i e s a r e g r a n u l a r 
or f o r m a s o l i d s t a b l e mass of i r o n . These i m p u r i t i e s i n 
t h e f o r m of n o d u l e and c o n c r e t i o n s v a r y i n shape a n d s i z e . 
The shape i s m o s t l y rounded b u t v a r i o u s o t h e r s h a p e s a r e 
a l s o s een . Sometimes f o u r or more c r e s c e n t r i c w h i t i s h 
c o l o u r e d b o d i e s a r e seen a t t h e b a s e when t h e r o d l i k e 
s t r u c t u r e i s b r o k e n . These c r e s c e n t shaped b o d i e s s u r r o u n d 
t h e o r i g i n a l n u c l e a r body. 
I n l i e r o f Bhander S a n d s t o n e s and o u t l i e r of Deccan 
T r a p s a r e v e r y common i n t h e a r e a . The s c r a p s , p r o m i n e n t 
h i l l o c k s of Upper Bhander S a n d s t o n e s , b e i n g o l d e r , a r e 
s u r r o u n d e d by t h e Deccan l a v a s . The b o u n d a r i e s a r e mafeed 
by t h e d i f f e r e n c e i n c o l o u r and v e g e t a t i o n of t h e a r e a . 
At many p l a c e s t h e Deccan l a v a s which l i e u n c o n f o r m a b l y on 
t h e u p p e r Bhander S a n d s t o n e , These i s o l a t e d p a t c h e s c o v e r 
a huge a r e a . 
Sca;rps a r e t h e p r o m i n e n t f e a t u r e i n t h e a r e a . Most 
p r o m i n e n t s c r a p i s fo rmed by t h e Upper Bhande r S a n d s t o n e s 
on Takra H i l l . These s c a r p s p r e s e r v e a u n i f o r m s l o p e f rom 
t o p t o b o t t o m . The b e d s a r e v e r y low d i p p i n g and t h e y d i p 
f rom t h e f a c e of t h e s c a r p . Most of t h e s c a r p s h a v e a v e r y 
g e n t l e s l o p e t o w a r d s t h e d i rec+- ion of d i p i n t h e e a s t e r l y 
d i r e c t i o n . T h i s i s a r e m a r k a b l e f e a t u r e whereby t h e h i l l o c k s 
of Deccan l a v a s can ge d i s t i n g u i s h e d f r o m t h e h i l l fo rmed 
by t h e s a n d s t o n e . S a n d s t o n e s g e n e r a l l y f o r m sca rpment and 
have a g e n t l e and g r a d u a l s l o p e t o w a r d s e a s t . I t i s 
n o t e w o r t h y t h a t Upper Vindhyan s a n d s t o n e s l i e much h i g h e r 
t h a n t h e Deccan T r a p s , These Deccan T r a p s a l s o o c c u r 
o p p o s i t e t o t h e d i p d i r e c t i o n . The s u b s e q u e n t r e a s o n i n g 
i s g i v e n t o e x p l a i n t h i s phenomenon a s t h e r e were v a l l e y s 
e x i s t i n g b e f o r e t h e e r u p t i o n of Deccan l a v a s . These v a l l e y s , 
r i d g e s and f u f r o w s were f i l l e d u p w i t h t h e enormous l a v a s 
f l o w d u r i n g t h e e r u p t i o n of Deccan l a v a s . The l a v a s w e r e 
denuded and w e a t h e r e d and were removed \ m t i l t h e y r e a c h e d 
t h e p r e s e n t l e v e l which fo rmed a s t a b l e mass . So t h i s i s 
t h e r e a s o n v/hy Upper Bhander S a n d s t o n e s l i e s o mach h i g h e r 
t h a n t h e Deccan T r a p s . 
Deccan T r a p s 
The Deccan T r a p s c o v ^ r a v e r y l a r g e a r e a r e s t i n g 
u n c o n f o f m a b l y o v e r t h e Upper Bhander S a n d s t o n e s . Deccan 
Lavas have s u f f e r e d a p r o l o n g e d d e n u d a t i o n so t h e b o u n d a r i e s 
have become i r r i g u l a r . S a n d s t o n e s have been a l + e r e d b e n e a t h 
t h e Deccan T r a p s o r n e a r t h e c o n t a c t s . 
The h i l l o c k s fo rmed by t h e s e Deccan T r a p s a r e 
d i s t i n g u i s h e d by t h e i r r ounded shape and s c a n t y v e g e t a t i o n 
on them. There i s g e n e r a l l y a t e n d e n c y t h a t a t r e e grows 
on t h e peak of t h e h i l l o c k and t h i s i s t h e r e a s o n why t h e 
name One T ree H i l l i s g i v e n t o a h i l l o c k which i s f i v e m i l e s 
i n t h e n o r t h w e s t e r n p o r t i o n of Bhopa l . Wherever t h e Deccan 
T r a p s a r e h i g h l y w e a t h e r e d t h e y fo rm b l a c k i s h s o i l which i s 
u s e d f o r c u l t i v a t i o n p u r p o s e s , l ^ n y s p h e r o i d a l s m a l l n o d u l e s 
t a r e seen s c a t t e r e d i n t h e a r e a and t h i s i s a l s o a good i n d i c a t i o r 
where t h e c o n t a c t i s s e a r c h e d . Many a g a t e p i e c e s a r e s e e n 
s c a t t e r e d ove r t h e w e a t h e r e d Deccan T r a p s . 
Deccan T r a p s show a s o r t of f l o w s t r u c t u r e i n 
c e r t a i n d i r e c t i o n . Smal l n o d u l a r , w e a t h e r e d b o d i e s a r e 
a r r a n g e d p a r a l l e l t o each o t h e r . A b e a u t i f u l s t r u c t u r e i n 
Deccan T r a p s I s seen n e a r t h e f a u l t e d c o n t a c t n e a r Bhadbada 
pumping s t a t i o n where t h e s e n o d u l a r b o d i e s r e p r e s e n t t h e e f f e c t 
of p r e s s u r e . These n o d u l a r b o d i e s a r e compressed and t h e 
p e r i p h e r y i s b r o k e n due t o t h e c r u s h i n g and t h e b o u n d a r i e s 
of n o d u l a r b o d i e s a r e s u r r o u n d e d by v e i n l i k e s t r u c t u r e s . 
P a l e o c u r r e n t R e c o n s t r u c t i o n 
P r i m a r y S t r u c t u r e 
S t r u c t u r e s peoduced d u r i n g t h e p r o c e s s of s e d i m e n t a t i o n 
a r e o l d r e c o r d s on t h e b a s i s of t-rfiich t h e p a l e o c u r r e n t sy s t em 
of t h e a r e a h a s been s t u d i e d , ^alobgrt ipl i jbc r e c o n s t r u c t i o n s 
a r e made w i t h t h e h e l p of t h e s e p r i m a r y s t r u c t u r e s . The 
s t r u c t u r e s i n d i c a t e • t h e r e g i o n a l pa lAeo s l o p e , e x t e n t and 
d e e p e r p a r t of t h e b a s i n , d i r e c t i o n of t r a n s p o r t , p r o v e n a n c e 
e t c . Downslope d i r e c t i o n i s i n d i c a t e d s p e c i a l l y by t h e 
a z i m u t h a l d i r e c t i o n of- c f o s s - b e d d i n g a t a r e g i o n a l s c a l e 
which g i v e s an i d e a a b o u t t h e d o w n s i o p e s of t h e b a s i n i n 
p a r t i c u l a r . 
I n Bhopal a r e a t h e c u r r e n t b e d d i n g s a r e n o t common. 
A s y m m e t r i c a l , s y m m e t r i c a l and i n t e r f e r e n c e r i p p l e marks a r e 
n o t e d t h r o u g h o u t t h e a r e a e x c e p t a few p l a c e s . P r i m a r y 
c u r r e n t l i n e a t i o n s ar 'e a l s o common. 
T h e r e a r e a t a few p l a c e s , t h e r e a r e l o c a l v a r i a t i o n s 
i n t h e a z i m u t h b u t t h e r e g i o n a l s l o p e can be had by p l o t t i n g 
mean d i r e c t i o n of t h e c u r r e n t i n t h e r e g i o n . The p l o t t i n g 
i n d i c a t e s t h e s l o p e s a r e f r o m a r e a s which l i e a t t h e s o u t h -
w e s t of Bhopa l . 
To know t h e p a l e o s l o p e , p a l e o c u r r e n t d i r e c t i o n and i t s 
r e l a t i o n w i t h f a c i e s b o u n d a r i e s , p r o v e n a n c e t h e measurement 
of d i f f e r e n t s t r u c t u r a l f e a t u r e s i n t h e a r e a was done . 
D i f f e r e n t methods and t e c h n i q u e s a r e a p p l i e d t o n o t e down 
t h e c u r r e n t p a t t e r n s of g e o l o g i c p a s t . Sampl ing was done 
f o r c o l l e c t i n g t h e p a l e o c u r r e n t d a t a i n Bhopal a r e a . Most 
of t h e d i r e c t i o n a l s t r u c t u r e s r e p r e s e n t a p r e f e r r e d 
o r i e n t a t i o n . 
C r o s s - Bedding 
ssagtsagBBBsfm-TTT'TaBaaSiS 
C r o s s - b e d d i n g i s a s t r u c t u r e c o n f i n e d t o a 
s i n g l e s e d i m e n t a t i o n u n i t c o n s i s t i n g of i n t e r n a l b e d d i n g , 
c a l l e d f o i ! e s e t b e d d i n g , i n c l i n e d t o t h e p r i n c i p a l s u r f a c e 
of a c c u m u l a t i o n . 
The u n i t of c r o s s - b e d d i n g i n t h e Upper Bhander 
S a n d s t o n e s i n Bhopal a r e a v a r i e s f r o m 8 t o 30 cm c r o s s -
b e d d i n g w i t h p l a n e r c o n t a c t s a r e n o t seen i n t h e a r e a . 
Mos t ly t h e cu rved b a s a l c o n t a c t s a r e seen w h i c h a r e concave 
'so t h e c r o s s b e d d i n g and i s r e f e r r e d a s of f e s t o o n t y p e . 
T h r e e d i m e n s i o n a l v iew of c r o s s - b e d d i n g can be had a t v a r i o u s 
p l a c e s w h e r e t h e b e d s a r e s m a l l . Two d i m e n s i o n a l s e c t i o n s 
a r e seen n e a r B i r l a Mandir r o a d c u t t i n g and h e r e i t i s v e r y 
d i f f i c u l t t o measure u n i t and s c a l e o f c r o s s - b e d d i n g s . The 
c r o s s - b e d d i n g s a t t h i s p l a c e a r e t r o u g h t y p e . The f o r e s e t s 
of t r o u g h t y p e c o r s s - b e d d i n g s a r e concave t o downdip o r 
t o w a r d s n o r t h - e a s t e r n d i r e c t i o n . Dip , o r a n g l e be tween 
f o r e s e t bed and h o r i z o n t a l , was measured w i t h t h e h e l p of 
c l i n o m e t e r and i t d o e s n o t e x c e e d more t h a n 6 . The 
measurement of one f o r e s e t i n each bedded l a y e r was n o t 
p o s s i b l e a s c r o s s - b e d d i n g i s r a r e t h e r e . 
A f t e r t a k i n g t h e r e a d i n g s of a c r o s s - b e d d i n g i n a 
l o c a l i t y , a v e r a g e was c a l c u l a t e d and upon t h a t b a s i s i t i s 
p l o t t e d on t h e map. U n i t of c r o s s b e d d i n g was a l s o measu red 
w h e r e v e r t h e measu remen t s o f c r o s s b e d d i n g s were t a k e n . I n 
I t h e g i v e n a r e a n o t e c t o n i c d i s t u r b a n c e h a s o c c u r e d so t h e 
; c r o s s - b e d s a r e t a n g e n t i a l downward, and a r e t r u n c a t e d 
1 
I upward r e p r e s e n t i n g t h e b e d s t o be r i g h t s i d e u p . 
A s t a t i s t i c a l a n a l y s i s of b o t h a z i m u t h and I n d i c a t i o n 
f r e q u e n c i e s of c r o s s b e d d i n g In s e v e r a l l o c a l i t i e s of t h e 
showed t h i s s t r u c t u r e t o have a r e g i o n a l l y c o n s i s t e n t p a t t e r n 
i n d i c a t i n g s o u t h - w e s t t o n o r t h - e a s t c u r r e n t sys t em w h i c h 
might have been imposed by t h e r u l i n g c u r r e n t of t h e p a s t 
a g e s i n VlndJiyan t i m e s . The c u r r e n t movement i s i n d i c a t e d 
away f rom s o u t h w e s t , t o w a r d s b a s i n which p r o b a b l y l i e s i n 
n o r t h e a s t e r l y d i r e c t i o n , A nxamber of m e a s u r e m e n t s were 
made b e c a u s e b o t h t h e d i r e c t i o n and t h e a n g l e of i n c l i n a t i o n 
w e r e somewhat v a r i a b l e i n t h e same o u t c r o p . The l i t t l e 
v a r i a b i l i t y i n s c a l e and o r i e n t a t i o n i n c r o s s b e d s a r e 
i n d i c a t i v e p a r a m e t e r s of s t a b i l i t y i n c u r r e n t sys t em of 
p a s t . The re was a l i t t l e change i n c u r r e n t sys tem a t t h e 
t i m e of d e p o s i t i o n of Upper Bhander S a n d s t o n e s . 
The o l d e r r o c k s f r o m where t h e m a t e r i a l h a s been 
d e r i v e d l i e i n t h e s o u t h w e s t e r n d i r e c t i o n . R i p p l e marks 
and c o r s s b e d d i n g s a r e commonly a s s o c i a t e d which i s a 
c h a r a c t e r i s t i c of o r t h o q u a r t z l t i c s a n d s t o n e . 
I n t h i s t h e s i s p r i m a r y s t r u c t u r e s and d i m e n s i o n a l 
f a b r i c s a r e u s e d a s p a r a m e t e r s f o r p a l e o c u r r e n t r e c o n s t r u c t i o n . 
D i r e c t i o n a l s t r u c t u r e s a r e h e l p f u l i n r e c o n s t r u c t i o n of t h e 
p a l e o s l o p s . C r o s s b e d s a l s o h e l p i n g i v i n g i d e a a b o u t 
p a l e o c l i m a t i c c o n d i t i o n and p o s i t i o n of s h o r e l i n e . Arrows 
marked on t h e map r e p r e s e n t t h e a z i m u t h of c r o s s b e d s , t h e s e 
a r r o w s a l s o r e p r e s e n t t h e mean d i p a z i m u t h , which g i v e s an 
i dea of c u r r e n t d i r e c t i o n . Anc i en t c u r r e n t p a t t e r n s r e v e a l I 
t h e p h y s i c a l g e o g r a p h y and i t s r e l a t i o n w i t h c u r r e n t sy s t em 
a s , i s s een i n :many modern r i v e r s , s e a s and e s t u a r i e s . The 
c u r r e n t p a t t e r n h a s mach i n f l u e n c e on t h e p h y s i c a l g e o g r a p h y 
and can be i n f e r r e d t o some e x t e n t . 
P a r a l l e l l o n g e q u i d i s t a n t r i d g e s a r e seen on t h e s u r f a c e . 
T h e s e r i d g e s a r e p a r a l l e l o r c u r v e d i n n a t u r e . T h e s e a r e 
p r o d u c e d due t o movement of t h e p a r t i c l e s wh ich p r o d u c e 
r i p p l i n g due t o c e r t a i n v e l o c i t y of c u r r e n t . No m e g a r i p p l e s 
a r e seen i n Bhopal a r e a . S y m m e t r i c a l , a s y m m e t r i c a l and 
i n t e r f e r e n c e r i p p l e marks a r e n o t e d i n t h e a r e a . The o c c u r a n c e 
of r i p p l e marks t o g e t h e r w i t h t h e c r o s s b e d d i n g r e p r e s e n t s 
Bhander s a n d s t o n e s d e p o s i t t e d u n d e r s h a l l o w w a t e r c o n d i t i o n s . 
Symmet r i ca l r i p p l e marks a r e d i s t i n g u i s h e d b e i n g more r e g u l a r , 
w i t h r o u n d e d tr^ough and b road c r e s t . The s t u d y of t h e s e r i p p l e 
marks i n Upper Bhander S a n d s t o n e s p r o v e them t o be r i g h t s i d e 
up and i t i s a l s o i n d i c a t i v e of t h e a r e a n o t b e i n g t e c t o n i c a l l y 
d i s t u r b e d . 
S h o r t e r s l o p e of each r i d g e i s i n c l i n e d t o t h e s o u t h -
wes t t o n o r t h - e a s t d i r e c t i o n , t h a t i s , t h e c u r r e n t d i r e c t i o n 
i n Bhopal a r e a . The_ r i p p l e i n d e x i s s m a l l p r o v i n g i t t o be 
of s h a l l o w w a t e r o r i g i n . I t h a s a g r e a t e r w i d t h i n p r o p o r t i o n 
t o t h e i r h e i g h t . In s y m m e t r i c a l r i p p l e s mark, a g r a d a t i o n 
i s seen i n t h e p a r t i c l e s where c o a r s e r p a r t i c l e s a r e s e t i n 
t r o u g h s and f i n e r a t t h e c r e s t w h i l e i n a s y m m e t r i c a l r i p p l e 
marks t h e c o a r s e r m a t e r i a l i s n o t e d i n t r o u g h s on l e e - s i d e . 
T h i s a l s o p r o v e s t h e r i p p l e marks t o be of s h a l l o w w a t e r 
o r i g i n r a t h e r t h a n t o be e o l i a n i n which r e v e r s e phenomenon 
o c c u r s . So t h e Upper Bhander S a n d s t o n e s a r e supposed t o 
have been d e p o s i t e d u n d e r t h e c u r r e n t a c t i o n . The r i p p l e 
marks i n Bhopa l a r e a r e p r e s e n t a s m a l l s c a l e s t r u c t u r e t h e 
wave l e n g t h and a m p l i t u d e b e i n g few cm t o few mm r e s p e c t i v e l y . 
Asjymmetrical r i p p l e s wh ich a r e p r o d u c t s of c u r r e n t a c t i o n , 
t h e i r o r i e n t a t i o n i s a means of d i r e c t i o n of a n c i e n t c u r r e n t 
f l o w which was f rom s o u t h - w e s t t o n o r t h - e a s t a t t h e Upper 
Vindhyan t i m e s . Symmat r i ca l r i p p l e marks r e p r e s e n t t h e s e n s e 
of a s t a n d i n g body of w a t e r where d e p t h was n o t e x c e e d i n g 
few t e n s e of f e e t . L i n e drawn p e r p e n d i c u l a r t o s t r i k e of 
c r e s t i n d i c a t e s a l i n e of t r a n s p o r t . 
C u r r e n t d i r e c t i o n i s measured by t h e a z i m u t h of 
t h e a symmet r i c s i l r i p p l e marks where s t e e p e r s i d e i s i n d i c a t i v e 
of d i r e c t i o n of movement. No t e c t o n i c d e f o r m a t i o n h a s 
o c c u r e d i n t h e a r e a so r i p p l e s a r e w e l l p r e s e r v e d . 
P r e f e r r e d d i r e c t i o n i s shown by t h e s e r i p p l e s a t many 
p l a c e s - t h e r e g i o n a l mapping of t h e s e r i p p l e mark r e a d i n g s 
may g i v e an i d e a of p a l e o s l o p e . 
The mean r e a d i n g of a s y m m e t r i c a l r i p p l e marks 
of one l o c a l i t y p o i n t s down t h e d i r e c t i o n of c u r r e n t 
t o t h e n o r t h - e a s t where a s t h e s y m m e t r i c a l r i p p l e s t e n d 
t o be p a r a l l e l t o t h e s h o r e . These r i p p l e s a r e n o t e d 
i n f i n e g r a i n e d s a n d s t o n e t o c o a r s e g r a v e l s i n t h e 
a r e a . Average c r o s s - b e d d i n g d i r e c t i o n comes t o be 
p e r p e n d i c u l a r t o a v e r a g e s t r i k e of s y m m e t r i c a l r i p p l e 
o a r k s . 
Cut a r r o w marked on t h e map r e p r e s e n t s t h e 
a v e r a g e d i r e c t i o n of each s e t o f a s y m m e t r i c a l r i p p l e 
marks . Double a r r o w s i n d i c a t e t h e d i r e c t i o n of 
s y m m e t r i c a l r i p p l e marks . 
FIG. ROSE DIAGRAMS OF DIMENSIONAL FABRIC DATA 
ON UPPER BHANDER SANDSTONE 
5 18 S 25 
S12 
S 2 2 S13 
FIG. ROSE DIAGRAMS OF DIMENSIONAL FABRIC DATA 
ON UPPER BHANDER SANDSTONE 
H E 1 B M. 1 
B M ^ S 5 
T h i s i s a s e d i m e n t a r y s t r u c t u r e w h i c h r e p r e s e n t s a 
l i n e of movement. These l i n e a t i o n s a r e h e l p f u l , i n p l o t t i n g 
t h e p a l e o c u r r e n t d a t a , t o g e t h e r w i t h r i p p l e marks and 
c r o s s - b e d d i n g s . These a r e p l o t t e d a s t h e d o u b l e a r r o w e d 
p o i n t s on t h e map. 
G r a i n O r i e n t a t i o n 
P r e f e r r e d o r i e n t a t i o n i s shown by t h e q u a r t z 
g r a i n s due t o t h e f o r c e s which a c t e d a t t h e t i m e of d e p o s i t i o n 
of t h e r o c k . The f a b r i c i n Upper Bhander S a n d s t o n e of Bhopa l 
a r e a shows an a n i s o t r o p i c p a t t e r n . T h i s f a b r i c i s p r i m a r y 
b e c a u s e i t came i n t o e x i s t a n c e d u r i n g t h e t i m e of t h e d e p o s i t i o n . 
The g r a i n s or p e b b l e s e t c , r e s t a t a s t a b l e c o n d i t i o n t o 
r e s i s t t h e s t r e s s p u t by r u n n i n g c u r r e n t and t h i s f o r m s 
a l i n e a r body a l o n g t h e l i n e of movement. B e c a u s e t h e 
s a n d s t o n e s c o n t a i n a b o u t 84^ of q u a r t z , so h e r e t h e l o n g 'I 
a x e s of c l a s t i c q u a r t z g r a i n s a r e c o n s i d e r e d and t h e 
p r e f e r r e d o r i e n t a t i o n was c a u s e d by r u l i n g c u r r e n t of 
p a s t t i m e s . 
To know a b o u t t h e d i r e c t i o n of c u r r e n t r e s p o n s i b l e f o r 
t h e d e p o s i t i o n of s e d i m e n t s i n t h e a r e a s t u d y of d i r e c t i o n a l 
f a b r i c was done . The maximum o r i e n t a t i o n of g r a i n s was 
c a l c u l a t e d w h i c h came a b o u t s o u t h - w e s t t o n o r t h - e a s t d i r e c t i o n . 
Secondary S t r u c t u r e s 
Secondary s t r u c t u r e s a r e t h o s e which d e v e l o p a f t e r 
t h e compac t ion of b e d s . T e c t o n i c f o r c e s and o t h e r p r o c e s s e s 
by which f o r c e s a r e n e u t r a l i z e d or r e l e a s e d t h e s t r u c t u r e s 
come i n t o e x i s t a n c e . Fo ld , f a u l t and o t h e r s t r u c t u r e s a r e ' 
i n c l u d e d i n i t . These s t r u c t u r e s a r e h e l p f u l In f o r m i n g 
t h e h i s t o r y of p a s t and i t s r e l a t i o n w i t h p r e s e n t . 
The g i v e n a r e a i n Bhopal was n o t t e c t o n i c a l l y much 
d i s t u r b e d a s i t i s proved, by t h e r o c k s of h o r i z o n t a l e x t e n t . 
No f o l d i n g i s r e c o r d e d t h r o u g h o u t t h e a r e a . A f a u l t of 
l o c a l e x t e n t i s on ly n o t e d n e a r Bhadbada pumping s t a t i o n . 
F a u l t 
The f a .u l t l i e s n e a r Bhadbada v i l l a g e 8 km f rom 
Bhopal i n t h e s o u t h - w e s t e r n p a r t of t h e a r e a . The Upper 
Bhander S a n d s t o n e s a r e v e r y h i g h l y J o i n t e d h e r e t h e s a n d s t o n e s 
c o n t a i n p e b b l e a t t h e b a s e t h e n t h e y a r e bedded and a r e 
q u a r t z i t i c i n n a t u r e t h e y a l s o c o n t a i n l e n s e s of s h a l e and 
Deccan T r a p s which have a c l e a r f a u l t e d c o n t a c t w i t h Upper 
Bhander S a n d s t o n e s , The j o i n t s a r e m o s t l y v e r t i c a l j o i n t s 
V 
and d i p a t a b o u t 70 b e i n g s t e e p e r . A da rk r e d d i s h very 
w e a t h e r e d s a n d s t o n e c rop out n e a r t h e s t r e a m i t r e t a i n s a 
t h i c k n e s s of abou t 0 . 8 m e t e r . The q u a r t z i t e s , a r e a l i t t l e 
v a r i a b l e on b o t h t h e f l a n k s of t h e s t r e am, which fo rm low 
I' 
h i l l s v a r y i n g f r o m c o a r s e g r i t t y q u a r t z l t l c t h r o u g h c u r r e n t 
bedded t o m a s s i v e e v e n g r a i n e d s a n d s t o n e s . 
The b e d s s t r i k e a t N 10 E - S 10 W and d i p a t 6 t o 8 
e a s t w a r d . The s t r i k e swings t o N 55 W - S 55 E, d i p p i n g a t 
r 
25 t o N 55 E n e a r f a u l t . Where t h e r e i s f a u l t e d c o n t a c t t h e 
s a n d s t o n e s a r e h i g h l y w e a t h e r e d . The re a r e d a r k g r e y i s h s p o t s 
on t h e s a n d s t o n e masse s wh ich might have been d e v e l o p e d due 
t o c h i l l i n g e f f e c t of h o t l a v a . The f a u l t t r e n d s WNV/ - ESE 
d i p p i n g 85 s o u t h w a r d s . 
Deccan l a v a s h a v e i n t r u d e d i n t o s a n d s t o n e . The l a v a s 
r e s t u n c o n f o r m a b l y o v e r s a n d s t o n e s and a l s o i n b e d d i n g p l a n e s . 
J o i n t i n g i s v e r y common a t Bhadbada pumping s t a t i o n . 
Most of t h e j o i n t s a r e t h e v e r t i c a l J o i n t s t h e j o i n t d i r e c t i o n s 
< ^ 
a r e N 10 E - SMO W, N 30 ¥ - S 30^S, N 50 fi - S 50 W. Some 
of t h e j o i n t s t r e n d N 50 W S .50 E d i p a t 70 t o SW. There i s 
a g r e a t e r c o n c e n t r a t i o n of j o i n t s n e a r t h e f a u l t be tween 
s a n d s t o n e and t r a p s . Second s e t o f j o i n t s a r e more open. 
J o i n t s do n o t e x t e n d t o a g r e a t e r d e p t h . 
The s a n d s t o n e s r e p r e s e n t s l i g h t f o l d i n g where t h e s e 
a r e b r o k e n i n t o b l o c k l i k e f r a g m e n t s due t o j o i n t i n g . 
P e t r o g r a p h y 
T e x t u r e 
The m e c h a n i c a l c o m p o s i t i o n of Upper B l a n d e r 
Sands tone i s shown i n t h e t a b l e I . 
T a b l e I 
Mecl ran ica l c o m p o s i t i o n of Upper 
Bhander S a n d s t o n e s 
(F requency P e r c e n t a g e ) 
l i f e ® 1 HE^, , S^ , S2 , S3 , BM^  , BMg , S^g • ^ 1 8 ' ^22 '25 
2 - 1 mm. 
0 - 0 . 5 
T—^ mm. 
0 , 5 - 1 ^ 
mm. 
10-1.5(1) 
i - l / 8 m m . 
1 .50-26 
6 . 5 2 , 5 
l / 8 - l / l 6 m m . • 1 , 0 
20 - 2.50 : 
l / l 6 - l / 3 2 m m . 
2 . 5 0 - 3 # ! 
2.0 0 . 5 3 . 5 
173.0 35 .5 7.0 40.0 3.0 1.0 14 .5 3.0 4 . 5 2 1 . 5 
119.5 3 1 . 5 5 7 . 5 3 7 . 0 2 4 . 0 4 1 . 0 3 8 . 0 3 1 . 0 5 3 . 0 4 7 . 0 
23.0 35.0 17 .0 4 4 . 5 4 7 . 0 2 6 . 5 5 1 . 0 3 0 . 5 2 0 . 5 
7 . 0 0 . 5 4 . 0 2 8 . 5 10 .5 2 0 , 5 1 5 . 0 1 2 . 0 7 . 0 
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A good s o r t i n g i s shown by some o f t h e s a m p l e s 
where 90 p e r cen t o r more of t h e m a t e r i a l i s c o n c e n t r a t e d 
o v e r o n l y two c l a s s e s . T h i s s p r e a d i n g of i s a t e r i a l i n two 
c l a s s e s w i t h more t h a n 90 p e r c e n t o f n a t e r i a l c o n c e n t r a t i o n 
p r o v e s t h e sample t o be v e r y w e l l s o r t e d . Some s a m p l e s 
show v a r i a b l e c h a r a c t e r and t h e y show a s p r e a d i n g o-ver 
f i v e c l a s s e s bu t i n t h e s e c l a s s e s t h e c o n c e n t r a t i o n o r 
s p r e a d i n g i s o v e r two o r t h r e e c l a s s e s where o v e r 80 p e r 
cenit o f m a t e r i a l i s s p r e a d i n t h e s e c l a s s e s . 
/ 
A v j . s u a l e s t i i m t i o n o f t h e s i z e c h a r a c t e r s t i cs can 
be made f rom t h e h i s t o g r a m shown i n f i g u r e and f i o m 
t h e f r e q u e n c y c u r v e shown i n t h e f i g u r e . 
The cumraula t ive c u r v e s a r e v e r y s t e e p a n d i n d i c a t e 
t h a t t h e s a n d s t o n e s a r e w e l l s o r t e d a n d homogeneous i n 
c h a r a c t e r , i h e c u r v e s o "verlap each o t h e r wh ich c l e a r l y 
i n d i c a t e s t h e homogeneous c h a r a c t e r o f s a n d s t o n e s . 
n e x t page , 
C o m p o s i t i o n 
The c o m p o s i t i o n of Upper Bhander S a n d s t o n e i s 
shown i n t h e t a b l e I I . 
'J a b 1 e I I 
( P e r c e n t Modal C o m p o s i t i o n ) 
S I . 
No. 
0 
5 Sample 
5 No. 
1 1 
, F e l s p a r , 
1 t 
< 1 
Q u a r t z 
1 
, Eock 
• I S I P -
1 
, Qlce r t 
• 
1 1 
, A c c e s s - , 
1 o r y , 
1 1 
Ceimt 
1 . 0 . 0 8 4 . 4 3 . 4 1 . 8 6 . 0 4 . 4 
2 . 0 . 6 8 8 . 4 1 .6 1 . 2 2 . 6 5 . 6 
3 . 0 . 0 9 2 . 6 1 .2 0 . 6 3 . 6 2 . 0 
4 . 1 . 2 8 5 . 4 2 . 8 2 . 6 6 . 0 2 . 0 
5 . 1 . 0 8 0 . 0 6 . 4 4 . 0 3 . 6 5 . 4 
6 . 1 . 8 8 0 . 6 4 . 8 5 . 0 3 . 8 4 . 0 
7 . 1 .6 8 0 . 2 4 . 4 3 . 0 6 . 6 4 . 2 
8 . 1 .2 8 4 . 2 2 . 8 2 . 6 7 . 2 2 . 0 
9 . 1 .6 8 1 . 8 3 . 8 4 . 0 3 . 2 5 . 4 
10 . 0 , 6 8 0 . 0 7 . 2 6 . 6 4 . 0 1 .6 
I n t h e g i v e n a r e a t h e s p e c i m e n s were c o l l e c t e d f r o m 
many p l a c e s . The s a n d s t o n e i s m a i n l y composed of q u a r t z a n d 
t h e v a r i a t i o n i n t h e c o m p o s i t i o n r a n g e s f r o m 80 t o a b o u t 
92 p e r c e n t of q u a r t z by vo lume. T h i s c o m p o s i t i o n p r o v e s 
t h e s a n d s t o n e t o be of p u r e s t v a r i e t y a n d , s o , can be 
m e n t i o n e d a s o r t h o q u a r t z i t e . 
The f ramework i s n o m a l b e c a u s e t h e r e a r e n o r m a l l y 
0 . 8 6 c o n t a c t s p e r g r a i n s e e n u n d e r m i c r o s c o p e . The g r a i n s 
t o u c h each o t h e r t o f o i m a s t a b l e m a s s . The v o i d s i n 
be tween a r e f i l l e d up by d e t r i t a l m a t r i x i n t h e f o r m o f 
c h e r t , rock f r a g i s n t s and p r e c i p i t a t e d s e c o n d a r y s i l i c a 
cement which shows o p t i c a l c o n t i n u i t y w i t h d e t r i t a l q u a r t z 
g r a i n . Q u a r t z g r a i n s show a n i s o t r o p i c f a b r i c w h i c h i s 
c l e a r l y s e e n by t h e o r i e n t a t i o n o f t h e q u a r t z g r a i n s 
wh ich a r e g e n e r a l l y medium g r a i n e d , r o u n d e d t o w e l l rounded 
and w e l l s o r t e d i n c h a r a c t e r . 
The s i z e of t h e . p a r t i c l e s i n d i c a t e t h a t t h e y have 
b e e n t r a n s p o r t e d f o r a l ong d i s t a n c e f r o m t h e p r o v e m i r e . 
The f a s t f l o w i n g c u r r e n t might h a v e a l s o been h e l p f u l i n 
c a r v i n g t o q u a r t z g r a i n s t o s m a l l e r s i z e a t t h e t ime o f 
d e p o s i t i o n . She i d e a o f p r o l o n g e d t r a n s p o r t a t i o n i s a l s o 
s u p p o r t e d by t h e r o u n d n e s s o f q u a r t z g r a i n s wh ich a r e 
r o u n d e d t o w e l l r o u n d e d . 
The q u a r t z i s o f d e t r i t a l n a t u r e and h a s 
a u t h i g e n i c o-vergrowths on t h e d e t r i t a l g r a i n s . Tie g r a i n s 
a r e v a r i a b l e i n s h a p e . They a r e s u b - s p h e r i c a l t o 
e l o n g a t e d . The r a t i o be tween l o n g a x e s and t h e s h o r t 
a x e s i s v a r i a b l e b u t i t h a s an a v e r a g e r a t i o o f 1,5 nun. 
The e l o n g a t i o n i s supposed t o be i n t h e d i r e c t i o n o f 
C - a x e s . T h i s e l o n g a t i o n phenomenon might h a v e been I 
p r o d u c e d due t o t h e b o t t o m c u r r e n t a c t i o n and t h e o r i e n t a t i o n 
p o r t i o n i s s u p p o s e d t o t o be p a r a l l e l t o t h e d i r e c t i o n of 
c u r r e n t f l o w . 
S t r a i n shadows a r e common i n t h e s e c t i o n s u n d e r 
c r o s s e d n i c o l s . The g r a i n s do n o t g e t e x t i n c t when t h e 
> 
s t a g e of P e t r o l o g i c a l M i c r o s c o p e i s r o t a t e d , a t o n c e . 
The shadow o f d a r k ® s s p a s s e s s l o w l y f r o m one end t o 
a n o t h e r end of tine g r a i n boundary s l o w l y . The phenomenon 
o f s t r a i n shadow h a p p e n s due t o t h e e f f e c t s o f t h e s t r a i n , 
( p r e s s u r e ) e x e r t e d on t h e q u a r t z g r a i n . T h i s p r o v e s t h e 
q u a r t z t o be of m e t a m o r p h i c o r i g i n . Thus t h e same 
h o l d s good f o r t h e p rove raaace . The p r e s s u r e i s n o t 
much s t r o n g e r b e c a u s e t h e s e s t r a i n shadows a r e n o t 
so much p r o n o u n c e d . 
I n c l u s i o n s a r e n o t v e r y common. Tte le i s no 
r e g u l a r a irrangement o f i n c l u s i o n s i n q u a r t z g r a i n s . The 
na t u r e of i n c l u s i o n s i n d i c a t e s t h e n a t u r e o f p r o v e n a n c e 
w h i c h i s a c i . c u l a r t y p e where t h e t o u r m a l i n e , r u t i l e , 
a p a t i t e e t c . made t h e n e e d l e - l i k e i n c l u s i o n s . R e g u l a r 
i n c l u s i o n s a r e t h e r e bu t a r e r a r e . Pew g a s e o u s b u b b l e s 
a r e n o t e d . They i n d i c a t e a g r a n i t i c p r o v e n a n c e . 
Composi te t y p e o f o v e r g r o w t h i s a l s o s e e n i n many 
q u a r t z g r a i n s which p r o v e s t h e q u a r t z t o be t h e second 
c y c l e q u a r t z which might h a v e c o m p l e t e d more t h a n one 
c y c l e of e r o s i o n and d e p o s i t i o n . The o v e r g r o w t h f o r m s 
a s e c o n d a r y r im o v e r t h e d e t r i t a l g r a i n . The c r y s t a l l i n e 
f o r m c e m s i t i n g m a t e r i a l . The n u c l e u s i s d i s t i n c t l y marked 
by t h e p r e s e n c e o f i r o n o x i d e s t a i n . Sone t i m e i r r i g u l a r 
b o u n d a r i e s a r e n o t e d e x i s t i n g be tween t h e two g rowing 
n u c l e i i but t h i s c a s e i s r a r e . 
Q u a r t z i s v e r y s t a b l e m i n e r a l . The s e c o n d c y c l e 
q u a r t z which h a s been t r a n s p o r t e d f r o m t h e l o n g d i s t a n c e s 
f o r m s 86 p e r c e n t o f r o c k by vo lume. A s s o c i a t i o n of 
h e a v y miiB r a l s l i k e t o u r m a l i n e , r u t i l e a n d z i z i r c o n e t c . 
a l o n g w i t h q u a r t z show a r e s i s t a n c e a g a i n s t e r o s i o n . 
F e l s p a r s are v e r y minor i n q u a n t i t y . 
Rock f ragmer tbs c o n s t i t u t e 3«8 p e r c e n t o f t h e 
r o c k by volume. Tie s e rock fragms n t s seem t o be d e r i v e d 
f r o m i g n e o u s and me tamorph ic r o c k s by d i s i n t e g r a t i o n . 
C h e r t i s d e t r i t a l i n n a t u r e . 
Cement 
ff 
S i l i c a cei® n t shows t h e o p t i c a l c o n t i n u i t y v / i th t h e 
d e t r i t a l q u a r t z g r a i n s . The l a r g e number of q u a r t z g r a i n s 
a r e packed and c e n e n t e d t o g e t h e r a s a c r y s t a l l i n e 
a g g r e g a t e . The t o u g h n e s s and compactrE s s o f s a n d s t o n e s 
i n t h e g i v e n a r e a i s m a i n l y r e l a t e d t o t h e m t u r e o f t h e 
ce i s en t . 
I r o n - o x i d e f o m s a b o u n d a r y l i n e be tween t h e 
d e t r i t a l q u a r t z g r a i n s and s e p a r a t e s t h e n u c l e u s f r o m 
t h e s e c o n d a r y r i m . The d e t r i t a l q u a r t z g r a i n s were f i r s t 
d e p o s i t e d and l a t e r t h e i r o n o x i d e cene n t was i n t r o d u c e d . 
The cement i n t h e f o r m of s e c o n d a r y q u a r t z seems t o have 
o r i g i m t e d i n t h e l a s t s t a g e s . 
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C o n c l u s i o n s 
C o n s i d e r i n g t h e p a l e o c u r r e n t s t u d y , p e t r o g r a p h y b a s e d 
on t h e f i e l d o b s e r v a t i o n and l a b o r a t o r y t e c h n i q u e s 
i n c l u d i n g t h i n s e c t i o n a n a l y s i s a b r o a d g e n e r a l i z e d i d e a 
can be r e c o n s t r u c t e d r e g a r d i n g t h e h i s t r o y of s e f i n e n t a t i o n 
of Bhandar s a n d s t o n e s of Upper Vindhyan age i n t h e Bhopal 
d i s t r i c t of Madhya P r a d e s h . 
The P e t r o g r a p h y of Bhander s a n d s t o n e r e v e a l s t h a t 
t h e s e d i m e n t s b e l o n g t o a p r o v e n a n c e which must h a v e 
mediums g r a d e me tamorph ic r o c k , some g r a n i t i c r o c k s and 
p e r h a p s , some o l d e r s e d i m e n t s . The n a t u r e of t h e r o c k 
shows a t e x t u r a l and m i n e r a l o g i c a l m a t u r i t y which i s 
an i n d i c a t i v e of a d i s t a n t p r o v e n a n c e , w h i c h s hou ld 
have -under gone a l o n g c y c l e of c h e m i c a l w e a t h e r i n g . 
The n a t u r e of c r o s s bedd ing and r i p p l e marks r u l e 
out t h e p o s s i b i l i t y of -wind b e i n g t h e a g e n t of t r a n s p o r t a -
t i o n of s e d i m e n t a t i o n . The r e s i d u e s a l s o must h a v e b e e n 
c a r r i e d by w a t e r . The p a l e o c u r r e n t i n d i c a t e s t h a t 
s e d i m e n t s were t r a n s p o r t e d i n a r e g u l a r f a s h i o n f r o m 
s o u t h - w e s t t o w a r d s n o r t h - e a s t . 
E n v i r o n m e n t a l c o n d i t i o n s of d e p o s i t i o n i s 
r e s p o n s i b l e t o p r o d u c e t h e d i f f e r e n t t y p e s of s e d i m e n t a r y 
r o c k s which a r e q u i t e d i f f e r e n t i n n a t u r e . The s e d i m e n t a r y 
r o c k I s t h e p roduc t - of i t s p r o v e n a n c e and d i s p e r s a l 
h i s t o r y . The l i t h o l o g y , p e t r o g r a p h y , s t r u c t u r e s , and 
t e x t u r e of t h e r o c k s of Bhopal a r e a show t h a t t h e s e r o c k s 
were d e p o s i t e d i n ^ a s h a l l o w a g i t a t e d mar ine e n v i r o n m e n t 
which c o u l d be e i t h e r i n n e r n a r r a t i c or on t i d a l f l a t s . 
The whole sequence b e l o n g s t o a t y p i c a l o r t h o q u a r t z i t e 
o r p l a t f o r m f a d e s . 
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'eDt)ie l a y e r ( 12 cm t h i c k ) i s s een i n t h e r i a l 
l y i n g s a n d s t o n e n e a r Bhadbada. P e b b l e s of J a s p e r , 
q u a r t z and q u a r t z i t e a r e cemented t i g h t l y w i t h i n 
t h e s a n d s t o n e m a t r i x . S h a l e b a n d ( 0 . 8 m e t e r t h i c k ) 
a b o v e c o n t a i n s i n t e r f e r e n c e r i p p l e marks . H i g h l y 
w e a t h e r e d s h a l e b a n d i s o v e r l a i n b y c o a r s e g r i t t y 
q u a r t z i t e s t h r o u g h c u r r e n t b e d d e d t o m a s s i v e even -
g r a i n e d s a n d s t o n e s which a r e h ip:hly . lo in tec 
m 
h i g c ^ ^ w e a t h e r e ^ s S i d ^ o n e ^ a r e 
a g a i n s t Deccan T r a p s . The b e d s s t r i k e a t N10E - SiCM 
and d i p 6 t o 8 e a s t w a r d . F a u l t t r e n d s TOIW - ESE 
d i p p i n g 8 5 s o u t h w a r d , Deccan L a v a s h a v e I n t r u d e d 
i n t o s a n d s t o n e . 
P e t i b l e b e d ( a b o u t 150 f e e t t h i c k ) n e a r 
N o r t h TT BTasar, The g r a v e l s a r e t i g h i ^ y cemented . 
L e n t i c u l a r b e d s of aands ton .e s a r e s e e r w i t h i n p e b b l e 
l a y e r which t e r m i n a t e a t boJ-lAsnds. A good s o r t i n g 
i s r e p r e s e n t e d b y t h e p e b b l e ^ ^ e r . Ho l lows a r e 
f o i l e d due t o t h e f a i l i n g * of l ^ s e g r a v e l s f rom t h e 
j r i g i n a l m a ^ 
A c l o s e up of g r a v e l s p r e s e n t i n p e b b l e 
l a y e r n e a r N o r t h TT Naga r . A l e n t i c u l a r b e d o f . ' ^ 
s a n d s t o n e i s a l s o s e e n above t h e hammer. The 
p e b b l e s of s a n d s t o n e , J a s p e r and q u a r t z a r e t i g h t l y 
cemented t o g e t h e r . The p e b b l e s a r e s u b - r o u n d e d 
The Deccan l a v a s ( l e f t ) a r e s een I n c o n t a c t 
w i t h s a n d s t o n e s which a r e h i g h l y w e a t h e r e d i n a 
r a i l w a y c u t t i n g n e a r Tekra H i l l s . The Deccan L a v a s 
i v e i n t r u d e d I n t o t h e s a n d s t o n e . 
V -
Upper B h a n d e r S a n d s t o n e , V indhyan , Bhopa l . 
G r o s s e d n i c o l s , x 40. ^ 
D e t r i t a l C h e r t ( m i c r o c r y s t a l l i n e a s g r e g a t e s ) and q u a r t z 
cemented b y s i l i c a . No te w e l l rounded c h a r a c t o r of b o t h 
c h e r t and q u a r t z . A second c y c l e o r t h o q u a r t z i t e . 
A t 
Jppe r Bhander S a n d s t o n e , 
o r d i n a r y L i g h t . 
r i n d h y a n , B h o p a l , 
Dusty b o r d e r s mark t h e o u t l i n e s of t h e o r i g i n a l q u a r t z 
g r a i n s . A q u a r t z i t e fo rmed by c e m a i t a t i o n w i t h q U a r t z 
i n c r y s t a l l o g r a p h i c c o n t i n u i t y w i t h d e t r i t a l g r a i n s . 
The c m e n t a t i c f l i of q u a r t z h a s we lded t h e whole r o c k 
i n a d e n s e q u a r t z i t e . 
Upper Bhander S a n d s t o n e , Vindhyan , Bhopa l . 
o r d i n a r y l i g h t . X 90. 
The q u a r t z g r a i n s a r e s u r r o u n d e d b y I r p n - o x l d e cement . 
The ^ e l l rounded b o u n d a r y i s marked b y t h e p r e s e n c e o r 
i r o n - o x i d e . 
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Upper Bhander S a n d s t o n e , Vindhyan , Bhopa l 
O r d i n a r y l i g h t . 
Q u a r t z g r a i n s a r e i n c o n t a c t w i t h t h e i r o n - o x i d e body 
which f o r a s an a g g r e g a t e body i n - t h e Torm of n u c l e u s 
The n u c l e u s i s s u r r o u n d e d by sub - ro imded t o rounded 
q u a r t z g r a i n s . 
H 
p .- r-. 
Upper Bhande r S a n d s t o n e , V lndhyan , B h o p a l , 
G r o s s e d n i c o l s . 
The o r t t i o q u a r t z i t e n e a r t h e f a u l t e d c o n t a c t w i t h 
Deccan T r a p s . C o n s i s t s of l a r g ^ p o o r l y rounded 
f r a g m e n t s of q u a r t z ( c l e a r ) , c h e H ' ' ( c r y s t a l l i n e 
a g g r e g a t e ) and o t h e r a c c e s s o r i e s . Rounded g r a i n ! 
n a r k e d l y e t c h e d and c o r r o d e d due t o e f f e c t of 
h e a t and p r e s s u r e c a u s e d by Deccan T r a p s and 
, f a u l t i n g . 
• t 
Upper B h a n d e r S a n d s t o n e , V i n d h y a n , B h o p a l . 
•Ord ina ry l i g h t . 
The rounded q u a r t z a r e e t c h e d and c o r r o d e d "by t h e i r o u 
o x i d e cement which b i n d s t h a n t o g e t h e r . The cement e n c l o s e s 
many q u a r t z g r a i n s . The i r o n - o x i d e cecrent h a s i n p l a c e s 
h a s e a t e n i n t o and r e p l a c e d t h e q u a r t z g r a i n . 

